Introduction
The use in medicine of penicillin in the 1940s, erythromycin in the 1950s and methicillin in the 1960s greatly contributed to control bacterial diseases. However, the extended and uncontrolled use of antibiotics soon brought the need for the development of new antimicrobial agents because of the rapid increase of bacterial resistance, decreasing antibiotic efficacy and complicating the treatment of infections. The acquired bacterial resistance to vancomycin was slower and required nearly thirty years to found antibiotic resistant strains [1] . Since then, a large number of transition metal compounds have been screened against bacteria and fungi. For gold(I), research has been principally focused on compounds with a SAuP or NAuP core, exploiting the analogy to Auranofin [2] . Studies have shown good bactericidal or bacteriostatic results [3] [4] [5] , some of them including Auranofin and related complexes have shown as potent inhibitors of methicillin-resistant Staphylococcus aureus [6] , and they also present antitumor, antimalarial, or antirheumatic activities [7] . Other important type of metal complexes presenting good antibacterial activity are those related to N-heterocyclic carbene ligands NHCs, especially silver but also gold complexes [8] .
Silver(I) compounds also show a wide spectrum of effective antimicrobial activity.
Silver nitrate has been used since the seventeenth century for the prevention of neonatal conjunctivitis and is still in use today [9] . The most commonly used silver compound is silver(I) sulfadiazine ([Ag((4-aminophenyl)sulfonyl)(pyrimidin-2-yl)azanide] n , which is widely used in medicine to treat and prevent the development of bacterial infections in skin burns [10] . Nowadays numerous silver(I) compounds with AgN, AgP or NAgP unit have been synthesized [11] [12] [13] [14] , and more recently AgC from NHCs [15, 16] and have presented cytotoxic activity against Gram-positive and Gram-negative bacteria, although the mechanisms of action of silver(I) compounds are not completely understood.
Infections caused by Gram-positive and Gram-negative bacteria are of major concern due to the increased incidence of drug resistant strains. The food-borne Salmonella typhimurium and Escherichia coli are the most prevalent Gram-negative pathogens in humans and animals. These bacteria cause enteric diseases that are commonly treated by β-Lactam antibiotics. However, the prolonged administration of these antibiotics have resulted in a striking correlation between drug use and the emergence of antibiotic resistant strains. β-Lactam antibiotics interfere with bacterial cell wall biosynthesis that eventually leads to cell death. The mechanism of action is to bind covalently to their targets, the penicillin-binding proteins (PBPs), enzymes involved in cell wall synthesis in the cytoplasmic membrane of the bacteria. Antibiotics penetrate the outer membrane of gram-negative bacteria through protein pores called porins. The acquired resistance to β-lactam antibiotics may be due to a range of diverse factors: mutations in the PBPs that reduce or prevent the binding to the antibiotic, porin mutations which preclude or reduce outer-membrane permeability [17] , hyper-expression of efflux pumps that expel antibiotics outside the bacteria or β-lactamases produced by bacteria to cleave the antibiotic. The combination of these factors results in Gram-negative resistance to β-Lactam antibiotics [18, 19] .
With regard to Gram-positive organisms, Listeria monocytogenesis is a food-borne human pathogen responsible for listeriosis, a disease that although not common in healthy people, can cause severe diseases including abortions and meningitis. The number of listeriosis cases has increased in recent years in several industrialized countries [20] [21] [22] [23] and although treatment with ampicillin or penicillin in combination with gentamicin (or other aminoglycoside) [24] is effective, the recent increase in antibiotic resistance is a concern. For example, strains N53-1 and 4446 are resistant to gentamicin and other aminoglycosides, and some strains are able to persist within different types of food processing plants for years and consequently are repeatedly exposed to biocides, something that could potentially impact on bacterial resistance [25] [26] [27] [28] .
Staphylococcus aureus is another Gram-positive bacteria causative of serious hospitalacquired infections. Nowadays strains with intermediate levels of resistance to vancomycin or even resistant appear more frequently [29] . One reason for this could be the bifunctional acetyltransferase(6')-Ie-phosphotransferase(2'')-Ia[AAC(6')-Ie-APH(2'')-Ia], the most important aminoglycoside-resistance enzyme in Gram-positive bacteria, that confers resistance to almost all known aminoglycoside antibiotics in clinical use [30] . However resistance is not only related to aminoglycoside antibiotics like vancomycin, there are S. aureus strains resistant to methicillin that are also resistant to practically all β-Lactam group (penicillin, oxacillin, ampicillin, amoxicillin and augmentin), and macrolides (clindamycin and azithromycin). These multidrug-resistant strains are spreading outside hospitals and represent a serious concern [31] and sensitive to the aminoglycoside group (amikacin), macrolide antibiotics (nitrofurantoin) and the quinolone group (ciprofloxacin, ofloxacin and norfloxacin) [32] [33] [34] [35] .
In this work we describe the synthesis and structural characterization of new gold and silver complexes with aminophosphane ligands. These ligands were chosen because other phosphane-gold derivatives are known to have antibacterial activity and because the presence of the amine group allows and easy functionalisaton, making possible the introduction of relevant biological moieties. These compounds were tested in vitro to study their activity against Gram-negative S. typhimurium SV5015 and E. coli ATCC 10536 strains and the Gram-positive L. monocytogenes EGD-e and S. aureus ATCC 11632 strains using the paper disc diffusion method (for the qualitative determination) and for those complexes that were found to show inhibitory activity, serial dilutions in liquid broth method were performed (for determination of MIC (minimum inhibitory concentration) and MBC (minimum bactericidal concentration)).This paper is a continuation of a previous study using the same ligand [36] , in which the susceptibility of (aminophosphane)gold(I) thiolate complexes against Enterococcus faecalis ATCC 25923, S. aureus ATCC 29213 and E. coli TG1 was demonstrated. Some of them were found to exhibit powerful antibacterial activity, being more efficient against Grampositive microorganisms.
Results and discussion

Synthesis and Characterization
Herein we report the synthesis and characterization of a series of gold(I) and silver(I) (Figure 1 ) [14, [38] [39] [40] [41] [42] . The H} NMR spectra show a signal significantly downfield relative to the precursor L2.
Crystal structure description
We confirmed the molecular structures of complexes 6, 9 and 10 by an X-ray crystallographic study, although the last one was previously published [36] . Complex 6 ( Figure 2 ) crystallizes in a monoclinic system with two independent units in the asymmetric unit. There are no important geometric differences between the two independent molecules, which shown similar Ag-N and Ag-P bond distances and these are also comparable to those found in other derivatives with the same N-Ag-P core where the silver atom is in tetracoordinated around. Both silver atoms are in a highly The structure of complex 9 has also been established by X-ray diffraction and the molecule can be seen in Fig. 3 . The geometry around the silver center is tetrahedral with the main distorsion arising from the bite angle of the phosphinoamine, 74.99(12)º. The
Ag-P and Ag-N distances are very similar to those found in complex 6.
Fig. 3
Antibacterial activity
All the complexes synthesized were tested for their in vitro antibacterial activity against The qualitative determination for the complexes studied is presented in Tables 1 and 2 .
Our previous report shows that the ligands have no bactericidal activity, whereas some of the metal complexes show activity under identical experimental conditions.
All the compounds were insoluble in water and the assay was carried out using DMSO as solvent. The solvent DMSO (in the same percentage used to dissolve the compounds)
was also used as a control to confirm that it did not inhibit bacterial growth. The results indicate that the metal was responsible for the observed activities. Table 1   Table 2 In the qualitative determination it was not possible to screen the activity of complexes 2, 5, and 12 due to solubility problems. None of the silver(I) and gold(I) compounds studied were effective against Gram-negative bacteria (Table 1) , however the results were different for Gram-positive bacteria (Table 2) with the complexes showing biological activity. Figure 5 shows zones of bacterial growth inhibition for some of the complexes by the disc diffusion method. donor atoms of amino acids or nucleotides [52] . Ag(I)-S complexes show a narrower spectrum of activity compared to Ag-N and Ag-O [53] [54] [55] and silver(I)-P complexes [56] have shown no activity against bacterial strains, yeast and molds [57] . Gold(I) results also are in agreement with results found in the literature. The complexes with a S-Au-P bond show better bactericidal properties against Gram-positive bacteria than those with an N-Au-P core [7, 36] (Table 1 and 2). Gold(I) phosphine derivatives present no activity against E. coli and S. typhimurium (Table 1 and 2), although in some water soluble gold(I) phosphine complexes have been reported to have activity in these bacteria [58] . It was determined the minimum inhibitory concentrations (MICs) and minimal bactericidal concentrations (MBCs) for complexes displaying zone inhibition in the disc diffusion method (Table 3 ). The results show that the majority of studied complexes displayed bacteriostatic activity as assessed by the lower MIC compared to the MBC values. In some cases where the MBC could be determined, the values were the same as MIC, indicating a potential bactericidal activity for these compounds. Table 3 3. Conclusions 
Experimental section.
Chemistry
Instrumentation: IR spectra were recorded in the range 4000-200 cm-1 with a PerkinElmer Spectrum 100 spectrophotometer on solid samples by using an ATR accessory.
C, H and N analyses were carried out with a Perkin-Elmer 2400 Series 2 microanalyser. 
Synthesis of [Ag(PPh 2 NHpy) 2 ](OTf) (6)
To a solution of L1 (0.055 g, 0.2 mmol) in 20 mL of dichloromethane was added (14) . 
Crystal Structure Determinations
Data were recorded with a Bruker Smart 1000 CCD (6) or Oxford Diffraction Xcalibur (9) diffractometer. The crystals were mounted in inert oil on glass fibres and transferred to the cold gas stream of the diffractometer. Data were collected by using monochromated Mo-Kα radiation (λ = 0.71073 Å) in ω-scans. Absorption corrections based on multiples cans were applied by using the SADABS program [63] for complex 6 and using spherical harmonics implemented in SCALE3 ABSPACK scaling algorithm for complex 9.The structures were solved by direct methods and refined on F2 by using the SHELXL-97 program [64] . All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were included by using a riding model. Further crystal data are given in Table 4 . CCDC-1027814 (6) and 1027815 (9) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Antibacterial assays
Determination of bacterial growth inhibition by the disc diffusion method was After 24 hours incubation at 37ºC, colony forming units were enumerated and compared to untreated control. A reduction of 99% in cfu numbers was considered as significant. 
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